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z.2012.07Abstract The present study was performed to investigate, ultrastructurally the effect of heavy
metals on the regenerating tail ﬁn of the teleost ﬁsh, Oreochromis niloticus, revealed that, in the tail
ﬁns of the specimens treated with lead (Pb) at 0.005 mg/l, at the ﬁfth day postamputation, the blas-
tema cells are displayed shrinkage nuclei, much chromatin, pyknotic mitochondria and vacuolated
cytoplasm, whereas in the specimens treated with 0.025 mg/l, the blastema cells showed multi-
nucleoli, different size and shape of mitochondria and swollen rough endoplasmic reticulum. In
the tail ﬁns of the specimens treated with cadmium (Cd) at 0.005 mg/l, the nuclei of the blastema
cells showed little chromatin, also, a blood vessel with abnormal red blood cells was recognized
in the neighborhood layer of the blastema cells, whereas in the specimens treated with
0.025 mg/l the nuclei of the blastema cells are arranged adjacent to the inner membrane of the
nuclear envelope. The cytoplasm of these cells displayed swollen rough endoplasmic reticulum, with
the transformation of their cisternae into circular arrays, vacuolated cytoplasm, pyknotic
mitochondria and suppression of differentiation. In the tail ﬁns of the specimens treated with
mercury (Hg) at 0.0006 mg/l, the blastema cells showed dense scattered lysosomes, pyknotic
mitochondria, progressive damage in the cytoplasmic organelles leaving large vacuolated space
and complete autolysis of cells.
In the tail ﬁns of the specimens treated with Pb at 0.005 and 0.025 mg/l and Cd at 0.005 and
0.025 mg/l, at the seventh day postamputation, the lepidotrichia forming cells have dense patches
of irregular lysosomes, swollen and degranulated rough endoplasmic reticulum, pyknotic mitochon-
dria and vacuolated cytoplasm. In the tail ﬁns of the specimens treated with Hg at 0.0006 mg/l,
showed deformation of the lepidotrichia forming cells, there was an invasion of leucocytes andom (K.I. Atta).
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Ultrastructural study of the effect of heavy metals on the regenerating tail ﬁn of the teleost ﬁsh 233lysosomes. A progressive damage in the cytoplasmic organelles and in the ﬁber bundles of bones
was also found. Also, the presence of collagen ﬁbers as pathological condition.
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Heavy metals pollution of the fresh water environment is a
subject of considerable concern, generally results from indus-
trial waste discharge. These chemicals tend to accumulate in
organisms and have been found to have a variety of adverse
effects (Eisler, 1988).
Lead (Pb)
Lead affects algae, invertebrates and ﬁsh. There are also lim-
ited effects in amphibians, including loss of sodium and devel-
opmental problems (Horne and Dunson, 1995). Fish exposed
to high level of lead exhibit a wide-range of effects including
muscular and neurological degeneration and destruction,
growth inhibition, mortality, reproductive problems and paral-
ysis (Eisler, 1988).
Cadmium (Cd)
Cadmium is a highly toxic agent. It is a cancer causing,
teratogenic with severe sublethal and lethal effects at low
environmental concentrations. It is associated with increased
mortality, and affects respiratory functions, enzyme levels,
muscle contractions, growth reduction and reproduction. It
accumulates in the livers and kidneys of ﬁsh (Sindayigaya
et al., 1994; Sadiq, 1992).
Mercury (Hg)
Mercury is a mutagen, teratogen and carcinogen, with toxicity
and environmental effects varied with the form of mercury,
dose, route of ingestion, the exposed species, sex and age.
Methyl mercury is the most toxic form. Inorganic mercury is
methylated primary by bacteria in both anaerobic and aerobic
environments. The organic mercury compounds are more read-
ily absorbed and poorly excreted in comparison with inorganic
forms. Mercury can inhibit frog metamorphosis and has many
effects in ﬁshes. The ﬁsh inhabiting polluted areas exhibited
reduced growth and reduced ﬁn regeneration compared to the
ﬁsh of unpolluted areas. The retardation of ﬁn regeneration
was more marked in the early stages of blastema formation
and wound healing, particularly exposure to heavy metals. It
is obvious that heavy metals interfere with the process of
blastema formation and wound healing which in turn affects
the rate of ﬁn regeneration (Weis and Khan, 1991; Tu and
Johnson, 2011).
The present work deals with the effects of heavy metals on
the regeneration of the caudal ﬁn of Oreochromis niloticus.
Materials and methods
The present investigations were performed on the freshwater
teleost O. niloticus. Specimens of the ﬁsh were collected fromEl-Abbasa ﬁsh farm near Zagazig city. They ranged in length
from 4.6 to 10.3 cm and in weight from 3.8 to 19.3 g. The ﬁshes
were placed into aerated aquaria under conditions of room
temperature of about 27 ± 3 C, the photoperiod was 12 h
of light per day. Prior to ﬁn amputation, ﬁshes were anesthe-
tized with MS222 (ethylaminobenzoate methane sulfonate)
dissolved in tap water (1 mg/l). Tail ﬁns were amputated trans-
versally with microscissors at proximal level; removing 70% of
the ﬁn. Two hundred of the chosen specimens were divided
into two groups.
In the ﬁrst (treated) group: The experimented ﬁshes were di-
vided into three subgroups treated with different concentrations
of heavy metals as follows: subgroup A, the specimens treated
with (0.005 and 0.025 mg/l lead); subgroup B, the specimens
treated with (0.005 and 0.025 mg/l cadmium) and subgroup C,
the specimens treated with (0.0006 mg/l mercury) respectively.
Such low sublethal concentrationswere chosen according to lev-
els mentioned byAbdel-Nasser et al. (1996) andAbdel-Rahman
(1997). These doses were prepared and added constantly to the
aquarium for seven days. The experimental period (45 days
exposure) was chosen according to Lashein (1999), Rizk et al.
(1999) and Hussein and Mekkawy (2001).
In the second (control) group: The ﬁshes were kept in aqua-
ria containing aerated tap water. In each group, the experi-
ment was conducted for 7 days of exposure to ﬁnd out the
correlation between exposure concentration and ﬁn growth.
Transmission electron microscope preparations
The regenerated parts were removed from their stumps and
were ﬁxed by immersing in 2.5% glutaraldehyde in cacodylate
buffer at pH 7.2 for 2 h, washed in cacodylate buffer for
30 min, post-ﬁxed in 1% osmium tetroxide with the same buf-
fer at 4 C for 1 h and washed again. The specimens were then
dehydrated in ascending ethanol series and ﬁnally embedded in
Araldite of Epon. Tissue blocks were sectioned on ultramicro-
tome using glass knives. Semi-thin sections (0.3–0.5 lm) were
obtained, stained with 1% toluidine blue and were examined
by light microscope to deﬁne the desired area for ultrastruc-
tural investigation. Ultrathin sections were mounted on copper
grids and double stained with aqueous uriany1 acetate for
10 min and lead citrate for 2 min. Grids were examined in a
transmission electron microscope (JEOL JEM-100 CX). Elec-
tron micrographs of sections of the blastema cells as well as the
early redifferentiating cells in the regenerating ﬁns were made.Results
Transmission electron microscopy observations on the
regenerating tail ﬁns of specimens treated with heavy metals
Regenerating blastema cells
The present investigation has shown that in the control speci-
mens, the blastema cells of the regenerating tail ﬁns at the ﬁfth
Figure 1 Electron micrograph of different cell types of blastema cells in the control and treated tail ﬁns of Oreochromis niloticus, at the
ﬁfth day postamputation, showing the blastema cells (BCs); N, nucleus; C, chromatin; M, mitochondria; RER, rough endoplasmic
reticulum. (a) Control case. X: 2400. (b) Treated case with Pb at 0.005 mg/l, also showing vacuolated cytoplasm (VC). X: 2500. (c) Treated
case with Pb at 0.025 mg/l. X: 2500. (d) Treated case with Cd at 0.005 mg/l, also showing blood vessel (BV); RBCs, red blood cells. X:
5000. (e) Treated case with Cd at 0.025 mg/l, also showing vacuolated cytoplasm (VC). X: 5000. (f) Treated case with Hg at 0.0006 mg/l,
also show lysosomes (LY). X: 5000. (g) Treated case with Hg at 0.0006 mg/l. X: 3000. (h) Treated case with Hg at 0.0006 mg/l, also
showing lysosomes (LY); VC, vacuolated cytoplasm. X: 10,000.
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Figure 2 Electron micrograph of lepidotrichia in the control and treated tail ﬁns of Oreochromis niloticus, at the seventh day
postamputation, showing the ﬁbers connection (FC) between the lepidotrichia forming cells (LFCs); N, nucleus; M, mitochondria; RER,
rough endoplasmic reticulum; C, chromatin. (a) Control case. X: 7500. (b) Treated case with Pb at 0.005 mg/l, also showing LY,
lysosomes; VC, vacuolated cytoplasm. X: 2500. (c) Treated case with Pb at 0.005 mg/l. X: 4000. (d) Treated case with Pb at 0.025 mg/l,
also showing CF, collagen ﬁbers. X: 5000. (e) Treated case with Cd at 0.005 mg/l, also showing VC, vacuolated cytoplasm. X: 10,000. (f)
Treated case Cd at 0.005 mg/l, also showing LY, lysosomes. X: 4000. (g) Treated case with Cd at 0.005 mg/l, also showing RBC, red blood
cells; VC, vacuolated cytoplasm. X: 3000.
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236 K.I. Atta et al.day postamputation consisted of different cell types: cell with-
out process, unipolar cells, bipolar cells and tripolar cells
(Fig. 1a). In these blastema cells the nuclei displayed muchFigure 3 Electron micrograph of lepidotrichia in the control and
postamputation, showing the ﬁbers connection (FC) between the lepid
rough endoplasmic reticulum; C, chromatin. (a) Treated case with Cd
case with Cd at 0.025 mg/l, also showing LY, lysosomes; VC, vacuolate
at 0.025 mg/l, also showing LY, lysosomes; VC, vacuolated cytopla
0.0006 mg/l. X: 4000. (e) Treated case with Hg at 0.0006 mg/l, also s
0.0006 mg/l, also showing CF, collagen ﬁbers, OC, phagocyte cell. X:chromatin, and the cytoplasm contains mitochondria and
rough endoplasmic reticulum, indicating high synthetic activity
in the cells.treated tail ﬁns of Oreochromis niloticus, at the seventh day
otrichia forming cells (LFCs); N, nucleus; M, mitochondria; RER,
at 0.025 mg/l, showing CF, collagen ﬁbers. X: 13,000. (3b) Treated
d cytoplasm; CF, collagen ﬁbers. X: 7500. (c) Treated case with Cd
sm; CF, collagen ﬁbers. X: 5000. (d) Treated case with Hg at
howing CF, collagen ﬁbers. X: 3000. (f) Treated case with Hg at
5000.
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that, in the tail of the specimens ﬁns treated with Pb at
0.005 mg/l, at the ﬁfth day postamputation, the blastema cells
containing shrinkage nuclei, other nuclei display much chro-
matin, pyknotic mitochondria and vacuolated cytoplasm.
The blastema cells displayed some degree of degeneration
(Fig. 1b).
It was noticed that, in the tail ﬁns of specimens treated with
Pb at 0.025 mg/l at the ﬁfth day postamputation, the nuclei of
the blastema cells displayed heterochromatin, multi-nucleoli
and become karyorrhexis, different size and shape of mito-
chondria and swollen of rough endoplasmic reticulum
(Fig. 1c).
Regenerating tail ﬁns of specimens treated with Cd. In the tail
ﬁns of specimens treated with Cd at 0.005 mg/l the nuclei of
the blastema cells showed little chromatin. Also, blood vessels
with abnormal red blood cells were recognized in the neighbor-
hood layer of blastema cells (Fig. 1d).
In the tail ﬁns of specimens treated with Cd at 0.025 mg/l
the heterochromatin in the nuclei of the blastema cells is ar-
ranged adjacent to the inner membrane of the nuclear envelope
(margination). The cytoplasm of these cells displayed swollen
of rough endoplasmic reticulum with transform of their cister-
nae into circular arrays, vacuolated cytoplasm, pyknotic mito-
chondria and suppression of differentiation (Fig. 1e).
Regenerating tail ﬁns of specimens treated with Hg. It was no-
ticed that, in the tail ﬁns of the specimens treated with Hg at
0.0006 mg/l, at the ﬁfth day postamputation, the blastema cells
were inﬁltrated by granulocytes and lysosomes, cell junction
and cell degeneration are recognized (Fig. 1f and g). Also,
the blastema cells contain pyknotic nuclei, swollen rough
endoplasmic reticulum, pyknotic mitochondria and remnant
of cells. Also, the blastema cells showed dense scattered lyso-
somes, vacuolated cytoplasm (progressive damage in the cyto-
plasmic organelles or degeneration of most organelles leaving
large vacuolated space) and complete autolysis of cells
(Fig. 1h).
Regenerating lepidotrichia
The present work revealed that, in the control specimens tail
ﬁns during the early redifferentiation stage (at the seventh
day postamputation), the lepidotrichia are formed as bundles
of ﬁbers, which form connection between the lepidotrichia
forming cells. These cells are well developed and differentiated
(Fig. 2a).
Regenerating tail ﬁns of specimens treated with Pb. In the tail
ﬁns treated with Pb at 0.005 mg/l, at the seventh day postam-
putation, it was noticed that, some of the lepidotrichia forming
cells have nuclei with little chromatin, dense patches of irregu-
lar lysosomes, swollen and degranulated rough endoplasmic
reticulum, pyknotic mitochondria and vacuolated cytoplasm.
There is no connection between lepidotrichia forming cells
(Fig. 2b). The lepidotrichia forming cells displayed remnant
of rough endoplasmic reticulum (Fig. 2c). By the same time,
in the tail ﬁns of specimens treated with Pb at 0.025 mg/l,
the nuclei of the lepidotrichia forming cells displayed margin-
ation of heterochromatin. Also pyknotic nuclei and autolysis
of the cytoplasm are recognized (Fig. 2d).Regenerating tail ﬁns of specimens treated with Cd. It was ob-
served that, in the tail ﬁns of the specimens treated with Cd
at 0.005 mg/l, the lepidotrichia forming cells contain nuclei
with nuclear envelopes, which were moderately dilated and
the chromatin arranged adjacent to the inner membrane of
the nuclear envelopes (Fig. 2e). The cytoplasm was vacuolated
and contained pyknotic mitochondria, large amount of scat-
tered lysosomes and shrinkage nuclei (Fig. 2f). The lepidotri-
chia forming cells showed swollen rough endoplasmic
reticulum, ﬁlled with dense lysosomes, pyknotic mitochondria
and great autolysis of cells. Also, abnormal red blood cells
were recognized (Fig. 2g).
It was noticed that, in the tail ﬁns of the specimens treated
with Cd at 0.025 mg/l, the lepidotrichia forming cells contain
nuclei with their chromatin arranged adjacent to the inner
membrane of the nuclear envelope (Fig. 3a). Collagen ﬁbers
are also present which represented as pathological condition
(Fig. 3a–c). Also, complete autolysis, degeneration of cells
and dense lysosomes are recognized (Fig. 3b and c).
Regenerating tail ﬁns of specimens treated with Hg. The tail ﬁns
of specimens treated with Hg at 0.0006 mg/l, have shown
deformation (disorientation and disorganization) of the lepi-
dotrichia forming cells (Fig. 3d). These cells contained lyso-
somes, polymorphism of nuclei and collagen ﬁbers as
pathological condition (Fig. 3e). There was an invasion of
phagocyte cells and also, the presence of collagen ﬁbers in a
progressive amount (Fig. 3f).
Discussion
Heavy metals pollution of the aquatic environment is a subject
of considerable concern. These metals tend to accumulate in
organisms and have been found to have a variety of adverse
effects on ﬁshes. Higher concentrations of lead, cadmium
and mercury were toxic to the ﬁshes; even lower concentration
of mercury was also toxic to the ﬁshes.
The present investigations of ultrastructure of blastema
cells at the ﬁfth day postamputation revealed that, in control
cases, the blastema cells are composed of different cell types
(cells without process, unipolar cells, bipolar cells and tripolar
cells). The nuclei of blastema cells formed of nuclei displayed
much chromatin and the cytoplasm contains numerous mito-
chondria and rough endoplasmic reticulum, this may indicate
that, an important synthetic activity is exhibited by these cells.
Similar results have been reported by Abdel-Karim et al.
(2003) in O. niloticus. It was noticed that, in treated cases with
Pb at 0.005 mg/l, some of the blastema cells contained shrink-
age nuclei, whereas the other cells have their nuclei displayed
much chromatin. The cytoplasm of the cells is vacuolated
and has pyknotic mitochondria also, degeneration of the cells
was recorded. It was found that, in treated cases with Pb at
0.025 mg/l, the nuclei of the blastema cells displayed hetero-
chromatin, multi-nucleoli and the nuclei become karyorrhexis.
The cytoplasm contained pyknotic mitochondria and swollen
rough endoplasmic reticulum. Similar results have been re-
ported by Ohaida (2005) on ﬁn regeneration of O. niloticus.
He found that, there is a decrease and deformation of the cris-
tae of their mitochondria in all ﬁshes exposed to selenium.
Again, he recorded rarefaction on hepatocyte cytoplasm. He
said that, these changes could be due to cell organelle
238 K.I. Atta et al.degeneration especially mitochondria with the subsequent de-
crease in sodium and potassium pumps followed by accumula-
tion of water.
The present results showed that, in the tail ﬁns treated with
Cd at 0.005 mg/l, the nuclei of the blastema cells displayed lit-
tle chromatin. In treated cases with Cd at 0.025 mg/l, the het-
erochromatin of the nuclei of the blastema cells is arranged
adjacent to the inner membrane of the nuclear envelope (mar-
gination). There is also, swollen of rough endoplasmic reticu-
lum with the transformation of their cisternae into circular
arrays or concentric lamellae, vacuolated cytoplasm, pyknotic
mitochondria and suppression of differentiation. These may
therefore, support the observations of Ohaida (2005) on ﬁn
regeneration of O. niloticus. He demonstrated that, the pro-
gressive alterations of the hepatic rough endoplasmic reticu-
lum of the ﬁshes treated with lead nitrate into concentric
lamellae to be indicative of necrotic degenerative changes. Also
Ghadially (1988) reported that, degranulation of rough endo-
plasmic reticulum cisternae following the development of cir-
cular arrays is a further evidence of disorganization of rough
endoplasmic reticulum most likely resulting from the distur-
bance of protein synthesis. Transformation of endoplasmic
reticulum cisternae into circular proﬁles has also been inter-
preted in relation to adaptive processes because it has repeat-
edly been found in parallel to enhanced microsomal
biotransformation activity (Klaunig et al., 1979; Hawkes,
1980; Braunbeck and Volki, 1991, 1993).
In the current investigations, the blastema cells treated with
Hg at 0.0006 mg/l, showed dense scattered lysosomes, swollen
rough endoplasmic reticulum, pyknotic mitochondria, pro-
gressive damage in the cytoplasmic organelles or disintegration
of most organelles leaving large vacuolated space and complete
autolysis of cells. Similar results were reported by Ohaida
(2005). In the present study, the ultrastructure of bony lepido-
trichia revealed that, the cytoplasm of lepidotrichia forming
cells (scleroblasts) which treated with Pb, Cd and Hg has dense
patches of irregular lysosomes, swollen and degranulated
rough endoplasmic reticulum, pyknotic mitochondria, vacuo-
lated cytoplasm, complete autolysis, degeneration of cells
and collagen ﬁbers are also present, which represented as a
pathological condition. Similar results were observed by Oha-
ida (2005), in O. niloticus, the decrease of number of mitochon-
dria and deformation of their cristae were observed in all ﬁshes
exposed to selenium. This phenomenon in ﬁsh hepatocytes
may be a common response to various chemical stressors (Hin-
ton et al., 1988, in Oryzias latipes; Norrgren et al., 1993 and
Engwall et al., 1994, in rainbow trout).
In the present investigations, the tail ﬁns of the specimens
treated with Hg at 0.0006 mg/l, at the seventh day postampu-
tation, showed deformation of lepidotrichia forming cells.
These cells contained lysosomes, polymorphic nuclei and colla-
gen ﬁbers El-Banhawy et al. (pathological condition). Also,
there was an invasion of phagocyte cells and a progressive
damage in the cytoplasmic organelles. El-Banhawy et al.
(1993), suggested that in the rat, the abundance of leucocytes
in general and lymphocytes in particular is a prominent re-
sponse of body tissue facing any injurious impact. Ohaida
(2005) in O. niloticus observed cellular degeneration followed
by necrosis, especially following exposure to high concentra-
tions of lead for longer period of time. El-Banhawy and Ganz-
uri (1980) attributed this symptom to the noxious effect of
several drugs on the lysosomal membranes. These membranes,which are very sensitive to any pathologic effect, are ruptured
and release their powerful enzymes, that cause degeneration
and dissolution of various cellular components. Bull (1980)
mentioned that, the mitochondria are sensitive to metal toxic-
ity and lead can inhibit oxidative phosphorylation. Therefore,
the cellular degeneration was probably due to the direct effect
of lead on the mitochondria.Acknowledgements
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